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C-Fuel cell – Lawrence Livermore
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CellTech’s C-Fuel cell
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SARA’s Direct C-Fuel Cell
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Efficiency of Fuel Cells

John F. Cooper, Direct Caron Fuel Cell Workshop, NETL, July 30, 2003



Objectives
Phase I
• Determine the feasibility of generating electric power from 

coal in solid oxide fuel cells. 
• Compare the performance of coal, coal gas, and  methane fuel 

cells.

Phase II 
• Identify the lead catalysts (i.e., the catalysts which show a 

great potential). 

• Use thin electrolytes to enhance the power density (mA/cm2). .

Overall goal:  bringing the innovative concept of the solid 
oxide C-fuel cell to the practical technology. 



Fuel Cell Milestones
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Fuel Cell Chemistry
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Fuel Cell Assembly
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XRD Patterns of LSM

XRD patterns of LSMO 
calcined at different 
temperature.

Y.-H. Huang et al.,  Solid state 
Communications 114 (2000) 43-47
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Composition of Ohio Coal # 5

0.01       % Total          1.92% Sulfate

0.70       % Organic     1.21% Pyritic

CALORIC VALUE (BTU/lb)          14258
EQULIBIRUM MOISTURE (%)        7.98

SULFUR FORMS

8.63% Oxygen57.22Dry % fixed carbon

1.88% Nitrogen37.98Dry % volatile matter

5.50% Hydrogen4.80Dry % ash

83.99% Carbon4.15% Moisture as received

ULTIMATE ANALYSISPROXIMATE ANALYSIS

Table 2 Ohio Coal no. 5 (Sample PSOC-1517)



Coal Gas Fuel Cell



MS Profiles during Gasification of Ohio Coal # 5 
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V-I Curves of Coal Gas Fuel Cell
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IR Spectra during Gasification of Ohio Coal # 5
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I-V Curves for CH4 and Coal
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V-I Curves of Different Fuels on Ni(5%)/Re(2%) catalyst 
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Combinatorial Catalyst Screening
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Conclusions

• Power density: Coal > Coal gas > CH4
• Fly ash produced from coal at 950 0C did not foul the 

anode catalyst surface.
• Future Tasks: Enhance the power density (mA/cm2) 

by developing a highly active electrochemical 
oxidation catalyst and using thin electrolytes.

Acknowledgement: Rajesh Khatri and Rahul Singh
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